Rec'* P&T/PTO 2 8 JAN « S" ^ ^ 7 V / 



(19) tSSJaifi<j^i^«i«IM 



nil 



2004 ^5 13 H (13.05.2004) 




PCX 



(51) HIR^I^i^g»: 

(21) HBgHllgSS^: 

(22) ap^tueiB: 

(25) BESmiKDtg: 

(26) Bfis^i^iaomg: 



HOIM 4/58, 10/40 
PCT/JP2003/013907 
2003 ^10 fl30 a (30.10.2003) 

(30) S5fe*i-r-^i: 

*#il2002-320162 2002 ^11 ^ 1 0 (01.11.2002) JP 

(71) ttBiA(*B$|l|<±T©tiSB(COLVT): =j¥l 
« t*S#tt (SANYO ELECTRIC CO^ LTD.) [JP/JPl 
T570-8677 *|Rjff Q ifj ^66*3 2 T B 5 S 5 ^ 

Osaka (JP). 

(72) IBM%;fcJ:l/: 

(75) 38w%/ffliiA(*Hic-3t^T<7)^): mm^m(Fv- 

JIHARA,Toyoki) [JP/JP]; =f 651-2114 iSHlft #p rfj 
HE'^^ 2 8-7-3 0 1 Hyogo (JP). ^ (KI- 
NOSHITA^klra) [JP/JP]; =f 651-21 16 ,^Jtli ^^p^^^ 
SE^SlJJff 1-2 1-1-202 Hyogo (JP). p ffl 
(TODE^hlngo)IJP/JP]; T 652-0047 ttpifi -E 



(10) sBs^i^gas^ 
wo 2004/040676 Al 

ltETJRii6-1-2 9-4 0 5 Hyogo (JP). ^ff 
^JIMOTOJIiroyuki) [JP/JP]; =r 653-0014 ;gSSi # 
PmfifflEiaaiia-l 3-1-1 Oe Hyogo (JP).iS 
^ S A (TAKAHASHI,Yasufuiiil) [JP/JP]; =r 65 1-2 109 

^mm^pm^s^mmmtti 2-4-2- ^ 02 Hyogo 

(JP). Wfifl (NAKANE^kuro) [JP/JP]; T654-0102 :S 
»»WPm^BEJRejl|^4-1-2 6Hyogo(JP) H 
# # (FUJITANI^hin) [JP/JP]; =r 651-2109 :S/tSi 
PmaEBiJgaSBr2-1 2-1 5-4 0 6 Hyogo (JP). 

(74) ft a A: gjfeit. >t-(METSUGIJMakoto et al.) x 

540-0012 xmm ABRifi **E#fflr 1 T a 6 # 5 # 

S# If JU Osaka (JP). 

(81) Ji^B (Bi^;: AE, AG, AL, AM, AT, AU, AZ, BA BB 
BG, BR. BY, BZ, CA, CH, CN, CO, CR, CU. CZ DE Dk' 
DM, DZ, EC, EE. EG, ES, FI, GB, GD, GE, GH Gm' Hr' 
HU, ID, IL, IN, IS. JP, KE, KG, KP. KR. KZ. LC. LK, Lr! 
LS, LT, LU, LV, MA. MD. MG. MK. MN, MW, MX, MZ,' 
NI. NO, NZ, OM. PG. PH, PL, PT, RO, RU, SC SD SE 
SO, SK, SL. SY. TJ, TM, TN, TR. IT. TZ. UA, Ug' Us' 
UZ, VC. VN. YU, ZA. ZM, ZW. 

(84) B (jam): ARIPO (BW, GH, GM, KE LS 
MW, MZ, SD, SU SZ. TZ, UG, ZM. ZW). a-^ i/ 74$ 




(54) TlUi 




(57) Abstract: A sealed nonaqueous electrolyte secondary battery having a case 
which IS deformed when the inner pressure is increased is characterized in that a 
material capable of occluding and releasing lithium is used as a negative electrode 
material, and a mixture of a lithium transition metal composite oxide containing 
Ni and Mn as transition metals and having a layered stnictuie and a lithium cobal- 
tale is used as a positWe electrode material. 



SPECIFICATION 

NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

5 TECHNICAL FIELD 

The present invention relates to a nonaqueous 
electrolyte secondary battery. More specifically, this 
invention relates to a nonaqueous electrolyte secondary 
battery wherein a lithium transition metal complex oxide 
10 containing Ni and Mn is used as a positive electrode 
material . 

BACKGROUND ART 

In recent years, a nonaqueous electrolyte secondary 
15 battery which uses a carbon material, metallic lithium or a 
material capable of alloying with lithium as the negative 
electrode material and a lithium transition metal complex 
oxide represented by LiM02 (M is a transition metal) as the 
positive electrode material has been noted as a high energy- 
20 density secondary battery. 

A typical example of the lithium transition metal 
complex oxide is a lithium cobalt complex oxide (lithium 
cobaltate: LiCo02) - This complex oxide has been already put 
into practice as the positive electrode active material of a 
25 nonaqueous electrolyte secondairy battery. 

1 
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However, lithium transition metal oxides containing Ni 

i 

or Mn as a transition metal have been also studied for their 
use as the positive electrode active material. For example, 
materials containing all of the transition metals Co, Ni and 
5 Mn have been extensively studied (See, for example, Japanese 
Patent Nos . 2,561,556 and 3,244,314 and Journal of Power 
Sources 90(2000) 176 - 181). 

Among those lithium transition metal complex oxides 
containing Co, Ni and Mn, a material containing Ni and Mn in 

10 the same percentage composition, i.e., represented by the 
formula LiMnxNixCO(i.2x)02, is reported to show, even in the 
charged state (highly oxidized state) , remarkably high 
thermal stability (Electrochemical and Solid-State Letters, 
4(12) A200-A203 (2001)). 

15 The above -described complex oxide containing Ni and Mn 

in substantially the same percentage composition is also 
reported to show a voltage around 4 V, as comparable to 
LiCo02/ a large capacity and a superior charge -discharge 
efficiency (Japanese Patent Laying-Open No. 2002-42813) . 

20 Therefore, when a lithium transition metal complex oxide 
containing Co, Ni and Mn and having a layered structure 
(e.g., represented by the formula LiaMnbNibCO(i_2b)02 (0 ^ a ^ 
1.2, 0<b^0.5)) is used as the positive electrode 
material of a battery, the battery is expected to achieve a 

25 marked reliability improvement because of its high thermal 



stability during charge. 

As will be described later, the present invention also 
uses a mixture of the aforesaid lithium transition metal 
complex oxide and lithium cobaltate as the positive 
5 electrode material . The use of such a mixture as the 

positive electrode material of a coin-type cell is disclosed 
in the art (Japanese Patent Laying-Open No, 2002-100357) , 

The inventors of this application have studied 
performance characteristics of a lithium secondary battery 

10 using the aforesaid lithium transition metal complex oxide 
containing Co, Ni and Mn as the positive electrode active 
material, and as the result, have found that when the 
battery is stored in the charged state at high temperature 
exceeding a service condition as of a portable telephone 

15 actually used in a car, which is estimated as being 80 *C, a 
gas is generated, due likely to a reaction between the 
positive electrode and the electrolyte solution, to expand 
the battery having the configuration for use in the portable 
telephone or the like. For example, batteries using a thin- 

20 wall aluminum alloy can or a laminated aluminum film as the 
outer casing have been found to show large expansion and 
significant deterioration, e.g., marked reduction of a 
battery capacity, when they are stored. 
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DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
nonaqueous electrolyte secondary battery which uses the 
lithium transition metal complex oxide, as described above, 
5 as the positive electrode material and which, when stored in 
the charged state under the high temperature condition, can 
reduce gas evolution to the extent that prevents expansion 
and improve high- temperature storage characteristics thereof. 
The present invention provides a sealed, nonaqueous 

10 electrolyte secondary battery having an outer casing which 
deforms as an internal pressure of the battery increases. 
Characteristically, the battery uses a material capable of 
storing and releasing lithium as the negative electrode 
material, and a mixture containing a lithium transition 

15 metal complex oxide and lithium cobaltate as the positive 
electrode material. The lithium transition metal complex 
oxide contains Ni and Mn as transition metals and also has a 
layered structure. 

Mixing lithium cobaltate in the lithium transition 

20 metal complex oxide, in accordance with this invention, 

reduces a gas generated in the battery while stored in the 
charged state at high temperature and accordingly prevents 
expansion of the battery and improves its high- temperature 
storage properties. Japanese Patent Laying-Open No. 2002- 

25 100357 discloses a lithium secondary battery which uses a 



mixture of a lithium transition metal complex oxide and 
lithium cobaltate as the positive electrode material. 
However, this reference does not disclose that incorporation 
of lithium cobaltate reduces a gas generated in the battery 
5 while stored in the charged state at high temperatures. 

Also, in the embodiment described in Japanese Patent Laying- 
Open No. 2002-100357, a coin cell construction is shown. No 
disclosure is provided as to the use of an outer casing 
which deforms in an expanding fashion when an internal 

10 pressure increases. 

In the present invention, a gas generated during 
battery storage increases an internal pressure of the 
battery. It is believed that the gas is generated during 
storage by a reaction between the lithium transition metal 

15 complex oxide and the electrolyte solution, as illustrated 
by the below-described Reference Example. 

In the case where the positive and negative electrodes 
both have rectangular electrode surfaces and the nonaqueous 
electrolyte secondary battery has a rectangular shape, a gas 

20 generated during storage of the battery shows a tendency to 
reside between the electrodes. 

The nonaqueous electrolyte secondary battery according 
to another aspect of the present invention has a rectangular 
shape and includes positive and negative electrodes each 

25 having a rectangular electrode face. Characteristically, 



the battery uses a material capable of storing and releasing 
lithium as the negative electrode material, and a mixture 
containing a lithium transition metal complex oxide and 
lithium cobaltate as the positive electrode material. The 
5 lithium transition metal complex oxide contains Ni and Mn as 
transition metals and also has a layered structure. 

The positive and negative electrodes may be assembled 
in a manner to provide a rectangular electrode face . For 
example, the opposing positive and negative electrodes may 

10 be rolled up with a separator between them into a flat shape. 
The opposing positive and negative electrodes with a 
separator between them may be folded into a rectangular 
shape. Alternatively, the positive and negative electrodes 
each having a rectangular shape may be layered with a 

15 separator interposed between them. 

The nonaqueous electrolyte secondary battery according 
a further aspect of this invention is a sealed, nonaqueous 
electrolyte secondairy battery which uses, as its positive 
electrode material, a lithium transition metal complex oxide 

2 0 containing Ni and Mn as transition metals and having a 

layered structure, and has an outer casing which deforms in 
an expanding fashion, responsive to a gas generated during 
storage of the battery when only the lithium transition 
metal complex oxide is used as the positive electrode 

25 material. Characteristically, the battery uses a mixture of 



the lithium transition metal complex oxide and lithium 
cobaltate as the positive electrode material. 

In the present invention, the outer casing which 
deforms when an internal pressure increases may be formed at 
5 least partly of an aluminum alloy or laminated aluminum film 
with a thickness of 0.5 mm or below, for example. In the 
present invention, the laminated aluminum film refers to a 
layered film having plastic films laminated on opposite 
surfaces of an aluminum foil. Typical examples of such 

10 plastic films are polypropylene and polyethylene films. 

Also, at least a portion of the outer casing may be formed 
of an iron alloy having a thickness of 0.3 mm or below. 
When an internal pressure of the battery increases, the 
outer casing such designed defoarms in a manner to expand at 

15 a portion formed of the above -described material. 

In the present invention, the lithium transition metal 
complex oxide is preferably the one represented by the 
formula LiaMnxNiyCOz02 (wherein a, x, y and z are numerical 
values which satisfy the relationships O^a^l.2, x+y+ 

20 z = l, x>0, y>0, and z ^ 0) . More preferably, nickel 

and manganese are contained in substantially the same amount, 
i.e., x and y in the formula have substantially the same 
value. In the lithium transition metal complex oxide, 
nickel has a nature of large capacity and low thermal 

2 5 stability during charge, and manganese has a nature of low 



capacity and high thermal stability during charge. 
Accordingly, nickel and manganese are preferably contained 
in substantially the same amount to best balance the 
respective natures of nickel and manganese. 
5 In the above formula, y and 2 more preferably fall 

within the following ranges; 0.25^x^0.5, 0.25^y:^0.5 
and 0 ^ z ^ 0 - 5 . 

The more unifonn mixture of the lithium transition 
metal complex oxide and lithium cobaltate is believed to 

10 prevent expansion and storage deterioration of the battery 
more effectively. It is accordingly preferred that the 
lithium transition metal complex oxide and lithium cobaltate 
both have small particle diameters. Specifically, the 
lithium cobaltate preferably has a mean particle diameter of 

15 10 ]xxa or smaller and the lithium transition metal complex 
oxide preferably has a mean particle diameter of 2 0 lam or 
smaller. Their mean particle diameters can be measured by a 
laser diffraction particle-size distribution measurement 
device . 

20 Also in the present invention, the lithium transition 

metal complex oxide and lithium cobaltate are preferably 
mixed together before they are mixed with a binder to form a 
slurry or a positive electrode mix. 

In the present invention, the lithium transition metal 

25 complex oxide and lithium cobaltate are blended preferably 



in the proportion by weight (lithium transition metal 
complex oxide : lithium cobaltate) of 4:6 - 9.5:0.5, more 
preferably 5:5 - 8:2. 

In a further aspect of the present invention, a method 
5 is provided for reducing a gas generated when a nonaqueous 
electrolyte secondary battery using the lithium transition 
metal complex oxide as the positive electrode material is 
stored in the charged state. Characteristically, lithium 
cobaltate is mixed in the lithium transition metal complex 
10 oxide. 

The mechanism by which a large amount of gas evolves 
when a nonaqueous electrolyte secondary battery using a 
lithium transition metal complex oxide as the positive 
electrode material is stored in the charged state at high 

15 temperatures is not clear at the present time. Accordingly, 
the details of why mixing of lithium cobaltate is effective 
to reduce gas generation are not clear, either. It is 
however assumed that the catalytic surface activity of the 
lithium transition metal complex oxide is reduced by contact 

20 with the lithium cobaltate mixed therein. It is also 

assumed that the incorporated lithium cobaltate either traps 
or hinders production of a precursor, e.g., HF produced when 
an electrolyte solution decomposes. 

In the present invention, it is more preferred that 

25 the lithium transition metal complex oxide contains fluorine. 



Inclusion of fluorine in the lithium transition metal 
complex oxide further reduces a gas generated in the 
secondary battery while stored in the charged state at high 
temperatures and as a result, further reduces battery 
5 expansion and further improves high- temperature storage 
properties of the battery. 

A fluorine content of the lithium transition metal 
complex oxide is preferably between 100 ppm and 20,000 ppm. 
If the fluorine content is excessively low, the effect of 
10 reducing gas generation may not be offered sufficiently. On 
the other hand, the excessively high fluorine content may 
adversely affect discharge characteristics of the positive 
electrode . 

There are various methods by which fluorine is 
15 contained in the lithium transition metal complex oxide. 
According to one exemplary method, a fluorine compound is 
added to a raw material while formulated to provide the 
lithium transition metal complex oxide. Such a fluorine 
compound is illustrated by LiF. 
20 The amount of fluorine present in the lithium 

transition metal complex oxide can be measured as by an ion 
meter . 

The details of why inclusion of fluorine is effective 
to reduce gas generation are not clear. It is assumed that 
25 when the battery is charged, the positive electrode material 



is oxidized to shift the transition metal (Ni or Mn) to a 
higher oxidation state and this transition metal 
catalytically acts on a surface of the active material to 
generate a gas, and that fluorine, if then included in the 
5 positive active electrode material, causes a change in 

oxidation state of the transition metal to thereby reduce 
gas generation. 

In the present invention, any material can be used for 
the negative electrode so long as it can store and release 

10 lithium and is generally useful for the negative electrode 
of nonaqueous electrolyte secondary batteries. Useful 
examples include graphite materials, metallic lithium and 
lithium- alloying materials. Examples of lithium-alloying 
materials include silicon, tin, germanium and aluminum. 

15 Any electrolyte known as useful for a lithium 

secondary battery and other nonaqueous electrolyte secondary 
batteries can be used for the nonaqueous electrolyte 
secondary battery of the present invention. An electrolyte 
solvent is not particularly specified in type, and can be 

20 illustrated by a mixed solvent containing cyclic carbonate 
and chain carbonate. Examples of cyclic carbonates include 
ethylene carbonate, propylene carbonate, butylene carbonate 
and vinylene carbonate. Examples of chain carbonates 
include dimethyl carbonate, methyl ethyl carbonate and 

25 diethyl carbonate. Any of the above-listed cyclic carbonate. 



in combination with an ether solvent such as 1,2- 
dimethoxye thane or 1, 2-diethoxyethane, also provides a 
useful mixed solvent. 

The electrolyte solute is not particularly specified 
5 in type. Examples of electrolyte solutes include LiPFe, 
LiBF4, LiCFaSOa, LiN (CF3SO2 ) 2 , LiN (C2F5SO2) 2 , 

LiN(CF3S02) (C4F9SO2) , LiC(CF3S02)3/ LiC (C2F5SO2) 3 , LiAsFg, LiC104, 
Li2BioClio and Li2Bi2Cli2 and their mixtures - 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view which shows the lithium 

secondary battery constructed in accordance with one 

embodiment of the present inventions- 
Figure 2 is a view which shows the condition of the 
15 negative electrode (top side) of the battery of Example 1 in 

accordance with the present invention when charged after the 

storage test; 

Figure 3 is a view which shows the condition of the 
negative electrode (back side) of the battery of Example 1 
20 in accordance with the present invention when charged after 
the storage test; 

Figure 4 is a view which shows the condition of the 
negative electrode (top side) of the battery of Comparative 
Example 2 when charged after the storage test; 
2 5 Figure 5 is a view which shows the condition of the 



negative electrode (back side) of the battery of Comparative 
Example 2 when charged after the storage test; 

Figure 6 is a view which shows the condition of the 
battery of Comparative Example 2 before the storage test; 
5 Figure 7 is a view which shows the condition of the 

battery of Comparative Example 2 after the storage test; 

Figure 8 is a schematic sectional view which shows the 
three-electrode beaker cell; 

Figure 9 is a chart which shows an XRD pattern of the 
10 positive electrode of the battery of Comparative Example 2 
before the storage test; and 

Figure 10 is a chart which shows an XRD pattern of the 
positive electrode of the battery of Comparative Example 2 
after the storage test . 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is below described in more 
detail by way of Examples. It will be recognized that the 
following examples merely illustrate the practice of the 
20 present invention but are not intended to be limiting 

thereof. Suitable changes and modifications can be effected 
without departing from the scope of the present invention. 
EXPERIMENT 1 

(EXAMPLE 1) 

2 5 (Preparation of LiMno.33Nio.33Coo.34O2) 

13 



LiOH and a coprecipitated hydroxide, represented by 
Mno.33Nio.33Coo.34 (OH) 2/ were mixed in an Ishikawa automated 
mortar such that a molar ratio of Li to all transition 
metals was brought to 1:1, and then heat treated in an 
5 ambient atmosphere at 1,000 *C for 20 hours. After the heat 
treatment, the resultant was ground to obtain a lithium 
transition metal complex oxide having a mean particle 
diameter of about 5 ]im and represented by LiMno.33Nio.33Coo.34O2- 
(Preparation of lithium cobaltate (LiCo02) ) 
10 LiOH and Co (OH) 2 were mixed in an Ishikawa automated 

mortar such that a molar ratio of Li to Co was brought to 
1:1, and then heat treated in an ambient atmosphere at 
1,000 for 20 hours. After the heat treatment, the 
resultant was ground to obtain LiCo02 with a mean particle 
15 diameter of about 5 pm. 

(Fabrication of Positive Electrode) 

The above -obtained LiMno.33Nio.33Coo.34O2 and LiCo02 in the 
weight ratio of 1:1 were mixed in an Ishikawa automated 
mortar to obtain a positive active material. This positive 

20 active material, carbon as an electroconductive agent and 
vinylidene polyfluoride as a binder in the weight ratio 
(active material : conductive agent : binder) of 90:5:5 were 
mixed, added to N-methyl- 2 -pyrrol idone as a dispersing 
medium, and then kneaded to prepare a positive electrode 

25 slurry. The prepared slurry was coated onto an aluminum 



foil as a current collector, dried and then calendered using 
a calender roll. The subsequent attachment of a current 
collecting tab resulted in the fabrication of a positive 
electrode . 

5 (Fabrication of Negative Electrode) 

Artificial graphite as a negative active material and 
styrene- butyl ene rubber as a binder were added to an aqueous 
solution of carboxymethylcellulose as a thickener such that 
the proportion by weight of the active material, binder and 
10 thickener was brought to 95:3:2. The resulting mixture was 
kneaded to prepared a negative electrode slurry. The 
prepared slurry was coated onto a copper foil as a current 
collector, dried and then calendered using a calender roll. 
The subsequent attachment of a current collecting tab 
15 resulted in the fabrication of a negative electrode. 
(Preparation of Electrolyte Solution) 

1 mole/liter of LiPFg was dissolved in a mixed solvent 
containing ethylene carbonate (EC) and ethyl methyl 
carbonate (EMC) at a 3:7 ratio by volume to prepare an 
20 electrolyte solution. 

(Construction of Battery) 

The above -fabricated positive and negative electrodes 
were assembled in a manner to interpose a separator, rolled 
up and then pressed flat to provide a group of electrodes . 
25 In a glove box under argon atmosphere, this group of 



electrodes was inserted into a 0.11 mm thick, aluminum 
laminate outer casing. After introduction of the 
electrolyte solution, the outer casing was sealed. 

Figure 1 is a plan view, illustrating the constructed 
5 lithium secondary battery Al . In the lithium secondary 

battery, the aluminum laminate outer casing 1 is heat sealed 
at outer edges to form a sealed portion 2. A positive 
current collecting tab 3 and a negative current collecting 
tab 4 extend upwardly from the outer casing 1 . The battery 
10 was built in a 3.6 mm thick, 3.5 cm wide and 6.2 cm long 
size. The constructed battery had an initial thickness of 
3.74 mm. 

(EXAMPLE 2) 

The procedure used to fabricate the positive electrode 
15 in Example 1 was followed, except that LiMn0.33Ni0.33CO0.34O2 
and LiCo02 in the weight ratio of 7:3 were mixed, to 
construct a lithium secondary battery A2 . The constructed 
battery had an initial thickness of 3.68 mm. 
(COMPARATIVE EXAMPLE 1) 
2 0 The procedure of Example 1 was followed, except that 

LiMno.33Nio.33Coo.34O2 was excluded and only LiCo02 was used as 
the positive active material, to construct a lithium 
secondary batteiry XI . The constructed battery had an 
initial thickness of 3.67 mm. 
25 (COMPARATIVE EXAMPLE 2) 



The procedure of Example 1 was followed, except that 
LiCo02 was excluded and only LiMno.33Nio.33COo.34O2 was used as 
the positive active material, to construct a lithium 
secondary battery X2 . The constructed battery had an 
5 initial thickness of 3.80 mm. 

(Evaluation of High-Temperature Storage Properties) 
Each of the constructed lithium secondary batteries Al, 
A2 , XI and X2 was charged at room temperature at a constant 
current of 650 mA to a voltage of 4.2 V, further charged at 

10 a constant voltage of 4.2 V to a current value of 32 mA, and 
then discharged at a constant current of 650 mA to a voltage 
of 2.75 V to thereby measure a discharge capacity (mAh) of 
the battery before storage. 

Next, the battery was charged at room temperature at a 

15 constant current of 650 mA to a voltage of 4.2 V, further 

charged at a constant voltage of 4 . 2 V to a current value of 
32 mA, and then stored in a constant temperature bath at 
85 for 3 hours. The battery after storage was cooled at 
room temperature for 1 hour and then measured for battery 

20 thickness. The measured thickness was compared to the 

initial thickness to determine a thickness increment (mm) 
and a percentage (%) of increase, which were evaluated as an 
expansion of each battery after storage. The battery 
expansion evaluation result for each battery after storage 

25 are shown in Table 1. The value written in each bracket ( ) 



for battery expansion represents a battery expansion rate (= 
thickness increment/initial thickness x 100) . Also, the 
estimated values are battery expansion values estimated for 
the batteries Al and A2, based on their respective lithium 
5 transition metal complex oxide contents, from the actually 
measured battery expansion values for the battery XI having 
a lithium transition metal complex oxide content of 0 % and 
the battery X2 having a lithium transition metal complex 
oxide content of 100 %. 

10 

Table 1 





Battery 


LiMno . 33Nio . 33CO0 . 34O2 
Content of Positive 
Active Material 
(parts by weight) 


Battery Expansion after 
High-Temperature Storage 


Measured 
Value (mm) 


Estimated 
Value (mm) 


Comp . 
Ex. 1 


XI 


0 


0.18 (4.9%) 


0.18 (4.9%) 


Ex.1 


Al 


50 


0 .85 (22 .7%) 


1.52 (40.6%) 


Ex.2 


A2 


70 


1.69(45.9%) 


2.05(55.7%) 


Comp . 
Ex. 2 


X2 


100 


2.85(75.0%) 


2.85(75.0%) 



As can be clearly seen from the results shown in Table 
1, the measured expansion values after high- temperature 
15 storage are lower than the estimated expansion values, for 
the batteries Al and A2 of Examples 1 and 2 where lithium 
cobaltate was mixed in the lithium transition metal complex 
oxide. That is, it is demonstrated that the mixing of 
lithium cobaltate in the lithium transition metal complex 
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oxide renders the measured expansion values for those two 
batteries lower than the values estimated from their 
respective lithium transition metal complex oxide contents, 
thus reducing expansion of the batteries after high- 
5 temperature storage . 

Next, each battery after storage was discharged at 
room temperature at a constant current of 650 mA to a 
voltage of 2.75 V to measure a retained capacity (mAh) . The 
retained capacity was divided by the discharge capacity 

10 before storage to give a retention rate. 

After measurement of the retained capacity, the 
battery was charged at a constant current of 650 mA to a 
voltage of 4.2 V, further charged at a constant voltage of 
4.2 V to a current value of 32 mA, and then discharged at a 

15 constant current of 650 mA to a voltage of 2.75 V to measure 
a restored capacity. The restored capacity was divided by 
the discharge capacity before storage to give a restoration 
rate . 

The discharge capacity before storage, retained 
20 capacity, retention rate, restored capacity and restoration 
rate, as measured according to the above -described 
procedures, for each battery are listed in Table 2. 
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Table 2 





Batte- 


LiMno . 33Nio . 33CO0 . 34O2 
Content of Positive 
Active Material 
(parts by weight) 


Dis- 
charged 
Capacity- 
be fore 
Storage 

(mAh) 


Retained 
Capacity 

(rtiAn) 
(Retention 
Rate) 


Restored 
Capacity 

(mAn) 
(Restora- 
tion Rate) 


Comp. 
Ex.1 


XI 


0 


652 .2 


602 .0 
(92.3%) 


619.5 
(95.0%) 


Ex.1 


Al 


50 


660.6 


609 . 1 
(92 .2%) 


626 . 8 
(94.9%) 


Ex.2 


A2 


70 


690.2 


579 .8 

(84.0%) 


599. 8 

(86 . 9%) 


Comp. 
Ex.2 


X2 


100 


673.0 


483 . 8 
(71. 9%) 


506.3 
(75.2%) 



As can be apparent from Table 2, the battery Al of 
Example 1 exhibits retention and restoration rates which are 
5 comparable to those of the battery XI of Comparative Example 
1. This clearly demonstrates that mixing of lithium 
cobaltate in the lithium transition metal complex oxide, in 
accordance with the present invention, results in the 
improved high- temperature storage properties. 
10 (Condition Observation of Negative Electrode after 

Storage Test) 

The condition of the negative electrode after storage 
test was observed for each of the battery Al of Example 1 
and the battery X2 of Comparative Example 2. Specifically, 
15 after the storage test, each battery was charged at a 

constant current of 650 mA to a voltage of 4.2 V, further 
charged at a constant voltage of 4 . 2 V to a current value of 



32 mA and then disassembled to remove the negative electrode 
for observation. Figures 2 and 3 both show the negative 
electrode of Example 1. Figure 2 shows its top side and 
Figure 3 shows its back side. Figures 4 and 5 both show the 
5 negative electrode of Comparative Example 2. Figure 4 shows 
its top side and Figure 5 shows its back side. 

As can be clearly seen from the comparison between 
Figure 2-5, the battery of Comparative Example 2, charged 
after experience of a large expansion in the storage test, 

10 is observed to have portions colored in gold (white in the 
drawings) that include a number of black portions left 
unreacted. Formation of such unreacted black portions is 
believed due to air bubbles that resulted from a gas 
generated during storage, resided between the electrodes and 

15 disturbed a reaction at electrode portions in contact 
therewith. 

On the other hand, no unreacted portion is observed in 
the charged negative electrode of the battery of Example 1 
in accordance with this invention. This demonstrates that 
20 the charge reaction took place homogeneously. 

As can be appreciated from the foregoing, the mixing 
of lithium cobaltate in the lithium transition metal complex 
oxide, in accordance with this invention, reduces gas 
generation during storage, allows the charge reaction to 
25 take place homogeneously and prevents property deterioration 



of batteries after high- temperature storage. 

Figure 6 is a photograph which shows the battery of 
Comparative Example 2 before the storage test . Figure 7 is 
a photograph which shows the battery of Comparative Example 
5 2 after the storage test. As can be clearly seen from the 
comparison between Figures 6 and 7, the storage test caused 
expansion of the outer casing of the battery. 
(EXAMPLE 3) 

The procedure of Example 1 was followed, except that 
10 LiMn0.33Ni0.33CO0.34O2 and LiCo02 in the weight ratio of 90:10 
were mixed in an Ishikawa automated mortar to prepare the 
positive active material, to construct a lithium secondary 
battery A3 . The constructed battery had an initial 
thickness of 3.66 mm. 
15 (EXAMPLE 4) 

The procedure of Example 3 was followed, except that 
70 weight % of LiMno.33Nio.33Coo.34O2 was replaced by 
LiMno.33Nio.33Coo.34O2 containing 7,900 ppm fluorine, to 
construct a lithium secondary battery A4 . The constructed 
20 battery had an initial thickness of 3.71 mm. 

The lithium transition metal complex oxide containing 
fluorine was prepared according to the following procedure. 

(Preparation of Fluorine -containing Lithium Transition 
Metal Complex Oxide) 
25 LiOH, LiF and a coprecipitated hydroxide, represented 



by Mn0.33Ni0.33CO0.34 (OH) 2/ were mixed in an Ishikawa automated 
mortar such that a molar ratio of Li to all transition 
metals was brought to 1:1, and then heat treated under an 
ambient atmosphere at 1,000 for 20 hours, so that a 
5 fluorine content of the lithium transition metal complex 
oxide was brought to about 8,00 0 ppm . After the heat 
treatment, the resultant was ground to obtain the lithium 
transition metal complex oxide containing fluorine and 
represented by Liiyin0.33Ni0.33CO0.34O2. The resulting lithium 

10 transition metal complex oxide had a BET specific surface 
area of 0.33 m^/g. 

The obtained lithium transition metal complex oxide, 
measuring 10 mg, was added to 100 ml of a 20 wt . % aqueous 
solution of hydrochloric acid and then heated at about 80 

15 for 3 hours so that the lithium transition metal complex 

oxide was dissolved therein. The amount of fluorine (F) in 
the resulting solution was measured by a fluorine ion meter. 
As a result, the amount of fluorine contained in the lithium 
transition metal complex oxide was found to be 7,900 ppm. 

20 ( Cons tiruct ion of Battery Using Fluorine -containing 

Lithium Transition Metal Complex Oxide as Sole Positive 
Active Material) 

The procedure of Example 1 was followed, except that 
the above -prepared, fluorine -containing lithium transition 

25 metal complex oxide was used as the sole positive active 



material, to construct a lithium secondary battery X3 . The 
constructed battery had an initial thickness of 3.69 mm. 
Expansion of this battery after high- temperature storage was 
measured in the same manner as described above and 
5 determined to be 0.52 mm. 

(Evaluation of High-Temperature Storage Properties) 
The high- temperature storage properties for each of 
the above -constructed lithium secondary batteries A3 and A4 
were evaluated in the same manner as in Example 1 . The 

10 measured and estimated values for expansion of each battery 
after high- temperature storage are shown in Table 3 . The 
estimated value for expansion of the battery A4 after high- 
temperature storage was calculated from the measured values 
for expansion of the batteries XI, X2 and X3 after high- 

15 temperature storage. In Table 4, the discharge capacity 

before storage, retained capacity, retention rate, restored 
capacity and restoration rate are listed. 



Table 3 





Battery 


LiMno . 33Nio . 33CO0 . 34O2 
Content of Positive 
Active Material 
(parts by weight) 


Battery Expansion after 
H igh - Temperature Storage 


Measured 
Value (mm) 


Estimated 
Value (mm) 


Ex.3 


A3 


90 


1.92 (52.5%) 


2.58(70.5%) 


Ex.4 


A4 


90 


0.92 (24.8%) 


1. 12 (30.2%) 
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Table 4 





Batte- 
ry 


LiMno . 33Nio . 33C00 . 34O2 
Content of Positive 
Active Material 
(parts by weight) 


Dis- 
charged 
Capacity 
before 
Storage 

(mAh) 


Retained 
Capacity 

(mAh) 
(Retention 
Rate) 


Restored 
Capacity 

(mAh) 
(Restora- 
tion Rate) 


Ex.3 


A3 


90 


648.6 


531.1 

(81 . 9%) 


547.6 

(84 .4%) 


Ex.4 


A4 


90 


657.4 


586 . 8 
(89.3%) 


603 . 2 
(91.7%) 



As can be clearly seen from the results shown in 
Tables 3 and 4, the inclusion of fluorine in the lithium 
5 transition metal complex oxide further prevents battery 
expansion and further improves high- temperature storage 
properties . 

In Example 4, the weight ratio of the lithium 
transition metal complex oxide to lithium cobaltate was set 

10 at 9:1. However, the weight ratio, if set at 1:1, further 
improves a gas generation reducing effect, further prevents 
battery expansion and further improves high- temperature 
storage properties. 

The use of a mixture containing the lithium transition 

15 metal complex oxide and lithium cobaltate as the positive 
electrode material, in accordance with this invention, 
reduces a gas generated when the battery is stored in the 
charged state at high temperatures, prevents battery 
expansion and reduces deterioration of battery properties by 
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high- temperature storage . 
REFERENCE EXPERIMENT 1 

In this experiment, a lithium secondary battery was 
constructed using an aluminum alloy can made using a 0.5 mm 
5 thick, aluminum alloy plate (Al-Mn-Mg alloy, JIS A 3 005, 

proof stress 14.8 kgf/mm^) as an outer casing. In the case 
where only the lithium transition metal complex oxide was 
used as the positive active material, the use of such an 
outer casing was confirmed to cause the battery to expand 
10 after the storage test. 

(Construction of Reference Battery 1) 
The above-described outer casing comprising an 
aluminum alloy can was used. Only LiCoOj was used as the 
positive active material. The battery was built in a 6 . 5 mm 
15 thick, 3.4 cm wide and 5.0 cm long size. Otherwise, the 

procedure of Example 1 was followed to construct a lithium 
secondary battery Yl . The constructed battery had an 
initial thickness of 6.01 mm. 

(Construction of Reference Battery 2) 
20 The above -described outer casing comprising an 

aluminum alloy can was used. Only LiMno.33Nio.33Coo.34O2 was 
used as the positive active material. The battery was built 
in a 6.5 mm thick, 3.4 cm wide and 5.0 cm long size. 
Otherwise, the procedure of Example 1 was followed to 
25 construct a lithium secondary battery Y2 . The constructed 



battery had an initial thickness of 6.04 mm. 

(Evaluation of Battery Expansion after High- 
Temperature Storage) 

Each of the above -constructed batteries was charged at 
room temperature at a constant current of 950 mA to a 
voltage of 4.2 V, further charged at a constant voltage of 
4.2 V to a current value of 20 mA, and then stored in a 
constant temperature bath at 85 for 3 hours. The battery 
after storage was cooled at room temperature for 1 hour and 
then measured for battery thickness . The battery expansion 
after high- temperature storage was evaluated in the same 
manner as in Experiment 1 . The evaluation results are shown 
in Table 5 . 

15 Table 5 





Battery 


LiMno . asNio . 33CO0 . 34O2 
Content of Positive 
Active Material 
(parts by weight) 


Battery Expansion 

after 
High-Temperature 
Storage 


Reference 

Battery 1 


Yl 


0 


0.25 (4.2%) 


Reference 
Battery 2 


Y2 


100 


1.42(23.5%) 



As apparent from Table 5, the battery Y2 using the 
lithium transition metal complex oxide alone, after high- 
temperature storage, shows a very large battery expansion of 
20 1.42 mm. This demonstrates that the outer casing, even if 



5 



10 



27 



comprising a 0,5 mm thick aluminum alloy can, experiences 
deformation due to an increase of an internal pressure. 
Where such an outer casing is used, application of this 
invention, i.e., mixing of lithium cobaltate in the lithium 
5 transition metal complex oxide is expected to reduce gas 

generation during high- temperature storage and result in the 
marked reduction of battery expansion. 
REFERENCE EXPERIMENT 2 

For the purpose of investigating a main cause of 

10 storage deterioration of the battery of Comparative Example 
2, the battery was disassembled after the storage test and 
the recovered positive electrode was subjected to the 
following experiment . 

(Electrode Performance Test) 

15 The three-electrode beaker cell shown in Figure 8 was 

constructed using the above -recovered positive electrode as 
a working electrode, metallic lithium for both the counter 
electrode and reference electrode, and an electrolyte 
solution prepared by dissolving 1 mole/liter of LiPFe in a 

20 mixed solvent (EC/EMC = 3/7 (volume ratio) ) containing 

ethylene carbonate (EC) and ethyl methyl carbonate (EMC) . 
As shown in Figure 8, the working electrode 11, the counter 
electrode 12 and the reference electrode 13 were immersed in 
the electrolyte solution 14 . 

25 The constructed cell was charged at a current density 



of 0.75 mA/cm^ to 4.3 V (vs. Li/Li"^) and then discharged at a 
current density of 0.75 mA/cm^ to 2.75 V (vs. Li/Li"*") to 
determine a capacity per gram (mAh/g) of positive active 
material. Next, the constructed cell was charged at a 
5 current density of 0.75 mA/cm^ to 4.3 V (vs. Li/Li*) and then 
discharged at a current density of 3.0 mA/cm^ to 2.75 V (vs. 
Li/Li*) to determine a capacity per gram (mAh/g) of positive 
active material. Also, when the cell was discharged at a 
current density of 0.75 mA/cm^, an average electrode 

10 potential was calculated from the following equation. The 
positive electrode before the storage test was also 
subjected to the same test to compare perf oirmances of the 
positive electrode before and after the storage test. 
[Average electrode potential (V vs. Li/Li"^)] = 

15 [gravimetric energy density (mWh/g) during discharge] 
[capacity per weight (mAh/g) ] 

The results of the charge -discharge test at the 
discharge current density of 0.75 mA/cm^ are listed in TsLble 
6. The results of the charge -discharge test at the 

20 discharge current density of 3.0 mA/cm^ are listed in Table 
7. 
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Table 6 



Positive 
Electrode of 
Comp . Ex . 2 


Discharge 
Capacity 
(mAh/g) 


Energy- 
Density 
(mWh/g) 


Average Electrode 
Potential 
(V vs. Li/Li"") 


Before 
Storage Test 


158 .3 


602 . 8 


3 . 807 


After 
Storage Test 


155 .6 


589.3 


3 .787 



Table 7 



Positive 
Electrode of 
Comp . Ex . 2 


Discharge 
Capacity 
(mAh/g) 


Ratio of Discharge 
Capacities 3 . 0 mA/cm^ 
and 0.75 mA/cm^ 


Before 
Storage Test 


145 .8 


92 . 1 


After Storage 
Test 


143 .5 


92 .2 



5 As apparent from Tables 6 and 1 , no appreciable 

difference in perfo2nnance characteristics exists between the 
positive electrode before and after storage. It is thus 
believed that no deterioration occurs in the positive active 
material or positive electrode by high- temperature storage. 

10 (Measurement of XRD Pattern After and Before Storage) 

X-ray diffraction (XRD) measurement using a Cu-KCK ray 
as a radiation source was performed for the positive 
electrode (in the discharged state) recovered after storage, 
as described above, and the positive electrode before the 

15 storage test. The measurement results are shown in Figures 
9 and 10 . Figure 9 shows an XRD pattern before the storage 
test. Figure 10 shows an XRD pattern after the storage test. 



As apparent from the comparison between Figures 9 and 10, 
the XRD pattern little changes between before and after the 
storage test. It is therefore believed that the structure 
of the positive active material remains unchanged between 
5 before and after the storage test. 

From the foregoing, it is believed that the storage 
deterioration of the battery is based neither on a 
structural change of the positive active material nor on 
electrode deterioration, but is attributed to a gas 
10 generated during storage that stays between electrodes and 
renders a charge -discharge reaction heterogeneous. In 
accordance with the present invention, gas generation during 
storage can thus be reduced to thereby prevent property 
deterioration of the battery while stored. 
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